The aim of this work consists of synthesis of nanocrystalline single-phase MgAl2O4 powders from comparatively less expensive raw materials and simple methods. We have used conventional heating in two different chemical routes, co-precipitation and combustion methods. In the first procedure combination of precipitation and gelation process is used to prepare spinel from aluminum and magnesium sulfates. The other involved a rapid evaporation of polyvinyl alcohol (PVA) that added to a mixed metal nitrate solution, followed by pyrolysis of the dried mass. X-ray diffraction patterns show that obtained nanoparticles are pure and single-phase. Sizes of nanoparticles were calculated by Scherrer equation. Data indicate that the average size of nanoparticles is around 30 nm. SEM images confirmed the results of XRD patterns and show that the nanoparticles prepared via these chemical routes had spherical shape with homogenous morphology. The surface areas of the prepared powders (SBET) were measured and compared to each other.
I. INTRODUCTION
Spinel is a ternary oxide with chemical formula of AB 2 O 4 , where A represents a divalent metal cation that normally occupies a tetrahedral site and B represents trivalent metal cations that normally occupy the octahedral sites of a cubic packed crystal. Magnesium aluminate spinel has received a great deal of attention because of its unique technologically important properties such as high melting point, high mechanical strength at elevated temperatures, high chemical inertness, and good thermal shock resistance [1] [2] [3] . Because of these properties, the MgAl 2 O 4 spinel has extensively been used for various purposes such as refractory material and humidity sensor in metallurgical, chemical, electro technical, catalysis and electronic industries [4, 5] . Recently, the MgAl 2 O 4 spinel has also been employed as an excellent transparent ceramic material for high-temperature arc-enclosing envelopes and alkali-metal vapor discharge devices [6] . However, fabrication of such a high-purity transparent spinel body from a powder obtained by conventional solid-state reaction routes is very difficult. [7] [8] [9] [10] .
In this work we have used two different chemical routes for the preparation of single phase nanocrystalline MgAl 2 O 4 powder from comparatively cheap raw materials. In the first procedure combination of precipitation and gelation process is used to prepare spinel from aluminum and magnesium sulfates. The other one involved rapid evaporation of polyvinyl alcohol (PVA) that added to a mixed metal nitrate solution, followed by pyrolysis of the dried mass.
II. EXPERIMENTAL

A. Powder preparations
Preparation by combining precipitation and gelation
Aqueous solution of ammonia, Al 2 (SO 4 ) 3 ·16H 2 O and MgSO 4 ·7H 2 O were used as starting materials. The desired metal sulfates were dissolved individually in deionized water. These solutions were then mixed together and ammonia solution was added drop by drop into the mixed sulfate solution with simultaneous magnetic stirring. Addition of ammonia solution was continued to a point that the formed gel became fully viscous and the magnet was stopped due to the high viscosity of material (pH ∼10). The resulted gel was dried in an oven at 80
• C and calcined at 1000
• C for 1 h.
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Preparation by using PVA
Polyvinyl alcohol (molecular weight = 125000), Al(NO 3 ) 3 ·9H 2 O and Mg(NO 3 ) 2 ·6H 2 O was used as raw materials. Aluminum and magnesium nitrates was mixed in stoichiometric amounts and dissolved in a minimum amount of deionized water, then 10% (w/v) aqueous solution of PVA was added to the mixed nitrate solution in which to maintain a metal ion: PVA monomer unit mole ratio of 1:3. The resulting viscous liquid mixture was evaporated to dryness by constant stirring on a hot plate between 130 and 160
• C. Upon complete evaporation, the precursor solution gave rise to a fluffy charred organic mass that had the desired cations embedded in its matrix. The carbon-rich mass was easily crushed to constitute the precursor powders. Finally, the resulted powders were calcined at 1000
• C for 2 h to obtain the desired MgAl 2 O 4 nanoparticles.
B. Material characterization
Phase analysis of the materials was carried out by X-ray diffraction (XRD; Bruker's D8 advance system, Bruker's AXS, GmbH, Germany) using Cu Kα radiation. The crystallite size of MgAl 2 O 4 spinel was estimated with Debye-Scherrer equation (L hkl = Kλ/β hkl cos θ, where K is a constant taken as 1 and β is the integral breadth that depends on the width of the particular hkl plane, λ = 1.5406Å, the wavelength of the Cu Kα source, and θ is the Bragg's angle) using (311) reflection of the XRD pattern of the spinel [11] . A Gemini Micromeritics analyzer (Micromeritics Instrument Corporation, Norcross,USA) was used for Brunauer-Emmett-Teller (BET) surface area measurements. The BET surface area was measured by nitrogen physisorption at liquid nitrogen temperature (−196 • C) by considering 0.162 nm 2 as the area cross section of N 2 molecule. Prior to measurements, the samples were evacuated (up to 1×10 −3 Torr) at 180 • C for 2 h. A PHILIPS XL-30 scanning electron microscope (SEM) was used to study the morphology of nanoparticles.
III. RESULTS AND DISCUSSIONS
In the first procedure, during the gelation process, concentration of starting solutions is increased to such an extent in which the gel becomes fully viscous. Therefore, a substantial amount of starting solute was remained in the solution and allowed liquid phase penetrating through the gel network. On drying this solute precipitates out in the pores between hydroxide particles of the gel network and upon calcinations, it is decomposed to form oxide.
X-ray diffraction patterns of the MgAl 2 O 4 nanoparticles prepared by combining precipitation and gelation route and PVA method are shown in Figs. 1(a) and 1(b) , respectively. The X-ray diffraction patterns show that the prepared nanoparticles are single-phase chemically pure [12] . The crystallite size, 30 nm, was determined from the XRD patterns using the Sherrer equation. nanoparticles prepared by combination and PVA methods, respectively. The particle sizes observed in SEM micrographs are in good agreement with these of calculated from XRD peaks by using Sherrer. Furthermore, SEM images show that the prepared nanoparticles are spherical and have homogenous morphology. Interestingly, such morphology has not been observed for MgAl 2 O 4 nanoparticles in the preparation of this ternary oxide by other routes [6] . It seems in the preparation of MgAl 2 O 4 nanoparticles by PVA method control of morphology and particle size is easy in comparison with other routes. The specific surface area and pore volume of both spinel powders prepared in this study are listed in Table I along with the crystallite size, calculated from XRD peaks line broadening. As can be noted from Table I , spinel powders that prepared by use of PVA shows higher surface area and larger pore volume in comparison with the one prepared by coprecipitation. The reason for higher surface area in PVA method can be attributed to the greater amount of gas that evolved during poly vinyl alcohol combustion. The evolved gases generally prevent from agglomeration of powder during the reaction, by considering that the agglomeration reduce surface area in powder processing [8] .
IV. CONCLUSIONS
Spinel nanoparticles can be prepared by combining gelation and precipitation routes and also pyrolysis method by using PVA. These methods technically are simple, cost effective and highly time and energy efficient process for the preparation of MgAl 2 O 4 nanoparticles. The prepared nanoparticle by these routes is pure, single-phase and homogenous and has spherical morphology.
